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There are evidences showing that music can affect cognitive performance by improving
our emotional state. The aim of the current study was to analyze whether age-related
differences between young and older adults in a Working Memory (WM) Span test in
which the stimuli to be recalled have a different valence (i.e., neutral, positive, or negative
words), are sensitive to exposure to music. Because some previous studies showed that
emotional words can sustain older adults’ performance in WM, we examined whether
listening to music could enhance the benefit of emotional material, with respect to neutral
words, on WM performance decreasing the age-related difference between younger and
older adults. In particular, the effect of two types of music (Mozart vs. Albinoni), which
differ in tempo, arousal and mood induction, on age-related differences in an affective
version of the Operation WM Span task was analyzed. Results showed no effect of music
on the WM test regardless of the emotional content of the music (Mozart vs. Albinoni).
However, a valence effect for the words in the WM task was found with a higher number
of negative words recalled with respect to positive and neutral ones in both younger and
older adults. When individual differences in terms of accuracy in the processing phase of
the Operation Span task were considered, only younger low-performing participants were
affected by the type music, with the Albinoni condition that lowered their performance
with respect to the Mozart condition. Such a result suggests that individual differences in
WM performance, at least when young adults are considered, could be affected by the
type of music. Altogether, these findings suggest that complex span tasks, such as WM
tasks, along with age-related differences are not sensitive to music effects.
Keywords: music, working memory, emotions, aging, individual differences
Listening to music is not only something we do for our own
pleasure; it is also something that affects our behavior. For exam-
ple, listening to French music induces customers to buy French
wines, whereas listening to German music induces customers
to buy German wines (North et al., 1997, 1999). The effect of
music on behavior is not limited to shopping but also influences
our performance in sports (Pates et al., 2003), altruistic behavior
(North et al., 2004), and a large variety of human activities (see
Schellenberg and Weiss, 2013).
Music also affects cognitive performance. In recent years, one
of the most striking and still-debated examples of the effect
of music on cognitive performance is the so-called Mozart
effect. In the original study, 36 students completed three tests
of visuospatial reasoning, one test after each of three different
listening conditions (Rauscher et al., 1993). The visuospatial
tests were taken from a test of intelligence, each standardized to
have the same mean and standard deviation. The experimen-
tal condition involved listening to the K448 sonata composed
by Mozart. The control conditions involved either 10 min of
sitting in silence or listening to relaxation instructions. In order
to compare the three listening conditions, the three tests were
assumed to be measuring the same thing. In this way, each
participant had a score in each of the three conditions. Results
showed that performance on the visuospatial tasks was correlated;
participants who performed well on one test also performed
well on the other two. In particular, performance across tests
was significantly higher in the Mozart condition than in the
other conditions. This finding became known as the “Mozart
effect”.
The Mozart effect had an immediate impact both on the
research community and in the broader audience, and the original
result has often been misinterpreted even by prestigious news-
papers1. One of the consequences of this large interest is that
the effect has been largely investigated and that, nowadays, the
origin of the Mozart effect is largely known. Firstly, the Mozart
effect is small, in the sense that the improvement observed in
one’s cognitive performance after listening to the music is small
1http://www.nytimes.com/1994/08/28/arts/classical-view-listening-to-
prozac-er-mozart.html
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(e.g., Nantais and Schellenberg, 1999). Second, the Mozart effect
is limited in time: usually, it can be observed within 10 to
15 min after listening. Third, the effect is not Mozart-specific
and can be observed with a number of musical stimuli (e.g.,
Schellenberg and Hallam, 2005; Schellenberg et al., 2007), and
even with non-musical stimuli, such as audio books (Nantais
and Schellenberg, 1999). Fourth, much of the effect originates
from the contrast between the experimental condition (e.g.,
listening to Mozart) and the control condition (e.g., sitting in
silence for 10 min). Nowadays, researchers believe that certain
music (such as the sonata K448 by Mozart or other types of
music) improves our emotional state (i.e., increases our mood
and arousal) in comparison to the control condition and that
the improvement observed in the cognitive task is a conse-
quence of the participant’s improved mood (Thompson et al.,
2001).
The majority of the results collected in the studies that inves-
tigated the Mozart effect concern visual-spatial tasks. There are,
however, a certain number of studies that showed that listen-
ing to music also improves performance in different types of
cognitive tasks, such as memory (Forward Digit Span test) and
attentional ones (word fluency) (Mammarella et al., 2007). In
the study by Mammarella et al. (2007), 24 older adults started
the experiment by listening to a sound stimulus that could be
either the “Spring” movement of Vivaldi’s Four Seasons or a long-
duration white noise track. After 1 min, while the sound stimulus
was still playing, participants were asked to complete the forward
version of the Digit Span and the Word Fluency tests. Authors
also added a control condition under which participants per-
formed both subtests in silence. The results showed that Vivaldi’s
music significantly increased memory performance compared
with the no-music condition and the white noise condition. The
authors suggested that the music increased arousal and made
the participants’ mood more positive; therefore, the participants
performed better in the music condition than in the remaining
conditions.
Noticeably, the performance of older adults in memory tasks
can be modulated not only by mood but also by the emotional
content of the to-be-recalled material. For instance, although it is
well documented that aging coincides with a decline of working
memory (WM) (together with other cognitive mechanisms such
as inhibition, and processing speed, e.g., Hasher and Zacks, 1988;
Craik and Salthouse, 2008; Borella et al., 2011) recent studies
found that aging does not seem to hamper the encoding and
retrieval of emotional events. In particular, some investigations
found that age-related differences between young and older adults
in WM performance are attenuated when tasks included valenced
words (Mikels et al., 2005; Döhnel et al., 2008). In particular, it has
been shown that age-related differences between young and older
with positive words were no longer significant, and age-related
differences were nullified with negative ones (Mammarella et al.,
2013).
In the current study we wanted to extend the findings of
Mammarella et al. (2007) using a WM complex span task in
which the valence of the stimuli has been manipulated such as
in Mammarella et al. (2013): in addition to neutral stimuli (as
in a classical WM task), positive and negative ones were also
presented (see Mammarella et al., 2013). In particular, we aimed
to investigate whether the effect of music on WM performance
is limited to music that induces a positive mood or if it can be
extended to other types of music. In other words we examined
whether listening to a specific mood-type music (e.g., sad or
happy) facilitates the encoding (and the subsequent recall) of
words that are emotively coherent with the music to which the
participant had listened, i.e., the so-called mood-congruency
hypothesis (e.g., Mayer et al., 1990). According to the mood-
congruency hypothesis, happy material is learned better in happy
moods whereas sad material is learned better in sad moods.
In the current study, thus, in addition to Mozart’s classic K448
sonata, the participants also listened to Albinoni’s famous Adagio.
The Adagio is a classic example of sad-sounding music, written
with a slow tempo and in a minor key. Further, in the present
study participants performed the cognitive tasks after listening
to the music. There are, in fact, differences between the studies
that investigated the effect of music listened before a certain
cognitive task (e.g., such as the studies on the Mozart effect)
and those that investigated the effect of background music; i.e.,
listening to music while involved in a cognitive task. The study
by Mammarella et al. (2007) falls between these procedures.
Classic theories of cognitive psychology predict that any activity
subtracting attentional resources from the cognitive task (e.g.,
listening to music) should worsen the participant’s performance
in the cognitive task (Kahneman, 1973). However, studies that
investigate the effect of background music on cognitive perfor-
mance report mixed results (see Schellenberg and Weiss, 2013,
for an overview). Here, to avoid possible confounding in the
interpretation of the results, participants performed the cognitive
task after they had been listening to the music, such as in the
classic Mozart-effect studies. Successively, the effect of the music
(Mozart vs. Albinoni) was investigated on an affective version of
a classic WM task (i.e., the Operation Span task), wherein the
valence of the words was varied (Mammarella et al., 2013) to see
whether enhancement due to music is modulated by the valence
of the words to be recalled. In particular, this was investigated in
groups of younger and older adults to explore the possible role of
age differences.
Overall, in line with literature, we expected to find a decline
in older adults’ performance in the affective WM task when non-
emotional words are considered. In contrast, if music facilitates
the encoding and recall of words that are coherent with the mood
expressed by the music, as suggested by the mood-congruency
hypothesis (e.g., Mayer et al., 1990), we expected to find an
interaction between music condition and recall performance in
affective words in the two groups that listened to music compared
to control groups that listened to a description. In particular,
we expected Mozart’s music to enhance the recall of positive
words; Albinoni, the recall of negative ones. Alternatively, if the
increment in cognitive performance is limited to positive-mood
music, we expected to observe the Mozart-effect; i.e., a better
WM performance in the Mozart condition (regardless the type
of affective words) than in the remaining conditions. Further,
music-related effects could also reduce age-related differences
between younger and older adults compared to the control
groups.
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METHOD
PARTICIPANTS
Sixty-three young adults (age range: 20–35 years) and 92 older
adults (age range: 64–75) were recruited for this study. The young
adults were undergraduate students. The older adults were healthy
community-dwelling individuals (for inclusion criteria, see Crook
et al., 1986). Older participants were screened for cognitive
impairments using the short version of the Italian Checklist for
the Multidimensional Assessment (SVAMA) of the elderly used in
the Veneto region (Gallina et al., 2006). Only participants who did
not report hearing problems and, for older adults, who correctly
completed all the items of the SVAMA (Gallina et al., 2006)
were included in the study. All participants performed above the
cutoff for their age and education in WM-Categorization WM
Span test-, and short-term memory- Forward Digit Span, and
Backward Digit Span-tasks (see Italian norms; De Beni et al.,
2008).
Participants were randomly assigned to three conditions (two
music conditions—Mozart or Albinoni—and a control one, in
which participants listened to a short story); among these condi-
tions, participants did not differ significantly with regard to years
of education and vocabulary (Wechsler vocabulary test, Wechsler,
1981; see Table 1); however, in the negative self-assessment of
PANAS (Watson et al., 1988), there was an Age Group effect2, with
older adults reporting less negative mood than younger adults,
F(1,149) = 23.71, p< 0.001, ηg2 = 0.13 (see Table 1).
MATERIAL
Forward digit span and backward digit span tasks (De Beni et al.,
2008)
A series of digits were presented at a rate of 1 s per digit;
participants had to repeat the digits in the same (forward) or
reverse (backward) order. The series started with three digits
and rose to nine for the forward task, and went from two to
eight for the backward task. Each level contained two strings
of digits. After two consecutive recall errors, the task was dis-
continued. A practice sequence of two digits was given for each
task before the test started. One point was awarded for each
sequence correctly recalled. The final score corresponded to the
total number of correct trials recalled (maximum score 14 for
both tasks).
Pattern Comparison Task (Adapted from Salthouse and Babcock,
1991)
In this task, participants were asked to decide whether arrange-
ments of line segments, presented on two pages, were iden-
tical or not. The stimuli for pattern comparison consisted
of two pages, each containing one column of 30 items. The
stimuli were constructed of three, six, or nine line segments.
The items of different difficulty were counterbalanced so that
10 items of three, six, or nine segments were presented on
each page. The experimenter used a stopwatch to record
2We conducted several analyses in order to understand whether this difference
affected the scores gathered with the Ospan test that are reported later in the
manuscript. Negative mood had neither main effects nor interactions with any
of the remaining factors.
the time to complete each page. Three practice trials were
given before the experiment started. The dependent variable
was the total time taken to complete responses for the two
pages.
Categorization Working Memory Span (CWMS) Test (Borella et al.,
2008)
This task was similar to the classical WM tasks but required the
processing of lists of words instead of sentences, which limited
the role of semantic processing. The materials consisted of eight
sets of words, each set composed of 18 lists of words, organized
into series of word lists of different lengths (from 3 to 6). Each list
contained five words of high-medium frequency. Lists contained
zero, one, or two animal nouns presented in various locations,
including the final position. An example of a list is: house, mother,
dog, word, night.
Participants listened to the lists of words presented at a rate
of 1 s per word and were required to tap the table with one
hand whenever they heard an animal word (processing phase).
The interval between the two lists of words was 2 s. At the end
of the series, participants were asked to recall the last word of
each list in a serial order (maintenance phase). The experimenter
paced the presentation, and two training trials preceded the task.
An 85% accuracy criterion on the tapping was required for all
participants. The experimenter transcribed tapping errors on a
dedicated protocol. The total number of correctly recalled words
in the correct serial position was considered the measure of the
participant’s WM capacity.
The above tasks, assessing short-term memory, processing
speed, and WM, respectively, were used as baseline measures to
ensure that participants in the three conditions had a similar
cognitive functioning within their age group. Further, for older
adults, these measures allowed us to determine that they were
aging normally.
Affective Operation Working Memory Span Test (Affective Ospan;
see Mammarella et al., 2013)
The Affective Ospan required participants to solve a series of
math operations (processing phase) while trying to remember
a set of unrelated words (maintenance phase). Participants saw
one math operation word string at a time, centered on a com-
puter monitor. For each trial, the participant read and solved
the math problem aloud and then read the words aloud. Imme-
diately after the participant read the word, the next operation-
word string was presented. The operation-word strings were
presented in sets of three to six items. Following each com-
plete set, participants were cued to recall target words in the
correct order of presentation (e.g., a three-item set: (2+ 5)−2
= 5, T/F? JOY; (7− 2)+ 3 = 6, T/F? LOVE; (6− 4)+ 7 = 7,
T/F? PEACE; Recall: JOY, LOVE, SMILE). Sets of two different
lengths (from 3 to 6) were constructed for each affective valence
(positive, negative, and neutral). Two trials for each set size were
presented, with the order of set size varying randomly, so that
participants could not predict the number of items. Target words
were selected from an Italian affective word database and were
judged in terms of valence and arousal on a 9-point scale. The
positive words had a mean valence of 7.8 (1.5) and a mean
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Table 1 | Demographic characteristics of the two age groups (young vs. old) by condition (Mozart vs. Albinoni vs. control conditions).
Young adults Older adults
Mozart Albinoni Control Mozart Albinoni Control
(N = 23) (N = 20) (N = 20) (N = 31) (N = 31) (N = 31)
M SD M SD M SD M SD M SD M SD
Age 25.91 4.52 25.20 4.38 25.70 4.91 68.50 3.09 68.67 3.41 68.64 3.51
Education 14.26 2.52 14.50 1.96 14.65 2.16 10.86 2.78 11.33 3.56 11.79 2.99
Vocabulary 45.17 10.39 48.75 8.46 46.50 11.48 46.68 11.71 48.20 12.69 49.79 12.26
PANAS
Positive 33.35 6.39 30.20 5.99 33.05 8.49 33.13 5.41 34.32 6.54 33.39 7.00
Negative 23.13 7.03 22.25 6.98 23.80 7.68 17.27 6.44 17.84 6.44 18.52 5.82
arousal level of 5.9 (2.8), the negative words had a mean valence
of 2.4 (1.8) and a mean arousal level of 5.9 (2.7). Finally the
neutral words had a mean valence of 5.5 (1.9) and a mean arousal
level of 2.7 (2.3). In order to ensure that participants were not
trading off between solving the operations and remembering
the words, an 85% accuracy criterion on the math operations
was required for all participants. The experimenter transcribed
accuracy for math operations on a dedicated protocol. The total
number of correctly recalled words in the correct serial posi-
tion by type of stimulus (neutral, positive, or negative) was
considered.
Musical excerpts
The musical excerpts consisted of 10 min from Mozart’s
(1985, track 1) Sonata for Two Pianos in D Major, K. 448,
or 10 min from Albinoni’s (1981, track 1) Adagio in G
Minor for Organ and Strings. The excerpts were transferred
from a CD onto the hard disk of a computer without loss
of sound quality (44100 Hz sample rate, 16 bits resolution).
For the Mozart sonata, we played the entire first movement
and replayed it until 10 min were accumulated. The Albi-
noni adagio was played in the same way; participants heard
the entire piece (7 min, 20 s) and a repetition of the early
portion.
The control condition consisted of listening to a short descrip-
tion of the invention of television adapted from a standardized
test for the assessment of listening comprehension (Carretti et al.,
2013), which was selected as an auditory stimulus that would be
engaging without being as arousing as Mozart or Albinoni. Both
the text and the music excerpts were listened to via Sennheiser
HD 280 pro headphones connected to a M-AUDIO Fast Track Pro
soundcard.
PROCEDURE
The experimental procedure described here was in accordance
with the Declaration of Helsinki (Sixth revision, 2008). Partic-
ipants were individually tested in one session (for a total of an
hour and a half). At first they filled out a health and demographic
questionnaire, the SVAMA, the Wechsler vocabulary subscale,
the Forward Digit Span and Backward Digit Span tasks, the
processing speed task, and the Categorization Working Memory
Span (CWMS) test. After that, depending on the condition, they
listened to either the Mozart or the Albinoni (for the music condi-
tion groups) or the short text description and then completed the
Affective Ospan test and the PANAS. Afterwards, they filled out a
brief questionnaire to assess whether they appreciated the music
or the short description they had listened to.
To limit the influence of sensory variables (sight and hearing;
see Grassi and Borella, 2013) on test results, the auditory presen-
tation was adjusted to the participants’ hearing level. Moreover,
for the paper and pencil tasks, all participants were asked whether
they found it easy to read the stimuli. All tasks were administrated
individually. The order of the tasks within each session was
fixed.
RESULTS
The groups were initially compared in the tasks administered
before listening to the music or to the text description with a 2 Age
Group (Younger vs. Older adults) × 3 Condition (Albinoni vs.
Mozart vs. Control) ANOVA. Results showed that for all measures
there was only a main effect of Age Group (Forward Digit Span,
F(1,143) = 5.94, p < 0.05, ηg2 = 0.04; Backward Digit Span,
F(1,143) = 9.11, p< 0.01, ηg2 = 0.06; CWMS recall, F(1,143) = 87.03,
p< 0.001, ηg2 = 0.37; Pattern Comparison times, F(1,143) = 55.11,
p< 0.001, ηg2 = 0.27, Pattern Comparison errors F(1,143) = 17.16,
p < 0.001, ηg2 = 0.11). The descriptive statistics are presented
in Table 2. As in the literature, older adults had poor short-term
and WM performance and a lower processing speed than younger
people. These results confirm the age-related decline in cognitive
resources (e.g., Borella et al., 2011).
A three-way mixed design 2 × 3 × 3 ANOVA was con-
ducted with Age Group (Younger vs. Older adults) and Condition
(Albinoni vs. Mozart vs. Control) as between-subject effects, and
Valence of stimuli (neutral, positive, or negative) as a repeated
measure on the Affective Operation Span task. There were sig-
nificant main effects of Age Group, F(1,143) = 19.31, p < 0.001,
ηg2 = 0.08, with younger adults recalling more correct words than
older adults, and Valence, F(1.9,275) = 52.65, p< 0.001, ηg2 = 0.12.
Post hoc Tukey tests with Bonferroni Adjusted p values revealed
that participants recalled fewer correct neutral words than both
positive and negative ones (both p < 0.001), and participants
recalled more negative than positive words (p< 0.001). The main
effect of Condition was not significant, F(2,146) = 0.38, p = 0.69,
ηg2 = 0.003, i.e., the number of recalled-words was similar
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Table 2 | Descriptive statistics for the tasks administered before listening to music or to the text description and errors in the secondary task of
the Affective Operation span by age groups (young vs. old) and condition (Mozart vs. Albinoni vs. control conditions).
Young Old
Mozart Albinoni Control Mozart Albinoni Control
(N = 23) (N = 20) (N = 20) (N = 31) (N = 31) (N = 31)
M SD M SD M SD M SD M SD M SD
Forward digit span 7.22 1.57 7.05 1.70 6.85 1.46 6.13 1.48 6.39 1.38 6.55 1.55
Backward digit span 6.65 2.52 6.10 2.75 5.60 1.54 4.74 1.91 4.90 1.78 5.23 1.91
CWMS-words correctly recalled 33.70 12.64 32.00 8.42 32.00 11.73 18.74 8.26 18.39 8.63 15.42 7.83
Processing speed—times 53.80 9.27 48.23 9.42 50.80 11.42 79.13 24.14 71.98 18.56 75.44 25.91
Processing speed—errors 2.17 2.08 2.55 2.87 2.75 2.61 5.52 4.99 5.29 3.67 4.94 4.13
Affective Operation Span—errors 1.15 0.95 0.74 1.01 0.95 1.15 2.25 1.84 2.00 1.87 1.73 1.82
across the music conditions. The interactions between factors did
not reach significance (Age Group × Valence, F(1.9,275) = 0.58,
p = 0.55, ηg2 = 0.001; Age Group × Condition, F(2,143) = 0.41,
p = 0.66, ηg2 = 0.004; Valence × Condition, F(3.8,275) = 0.32,
p = 0.86, ηg2 = 0.002; see Figure 1). Overall, the results revealed
that younger recalled more words than older adults and that both
groups recalled more negative words than positive and neutral
words.
Although an 85% accuracy criterion on the math opera-
tions on the Affective Operation Span task was required for
all participants, the level of performance in the errors in the
secondary task was also analyzed. The 2 × 3 ANOVA with
Age Group (Younger vs. Older adults) and Condition (Albi-
noni, Mozart, Control) showed a main effect of Age Group,
F(1,143) = 18.22, p < 0.001, ηg2=0.11, with older adults commit-
ting a higher number of errors than younger adults (see Table 2).
Following these results we divided the sample based on the
number of errors on the math operation. After computing the
median value for the younger and older adult groups separately
(0 and 2, respectively), we split the sample of younger and older
adults into participants with high and low numbers of errors, and
then we ran a two-way mixed design 3× 3 ANOVA separately for
FIGURE 1 | Affective Operation Span test (mean number of words correctly recalled) as a function of the condition (Mozart, Albinoni music
conditions or control one) by age group.
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FIGURE 2 | Performance of low-performing younger adults in the
Affective Operation Span test (mean number of words correctly
recalled) as a function of the condition (Mozart, Albinoni or control
condition).
the four groups, with Conditions (Albinoni, Mozart, Control) as
between-subject effects and valence of stimuli (neutral, positive,
and negative) as a repeated measure on Operation Span task
scores.
In the younger low-performing group (31 subjects), there were
significant main effects of Valence, F(1.9,53.5) = 8.21, p < 0.01,
ηg2 = 0.07 (with the same pattern of results as the previous
overall analysis) and of Condition, F(2,28) = 3.64, p = 0.04,
ηg2 = 0.16 (see Figure 2). Tukey tests with Bonferroni Adjusted
p values revealed that the performance in the Albinoni condi-
tion was significantly lower than that obtained in the Mozart
condition (p < 0.05) but not significantly different from the
control condition (p = 0.092); the Mozart and control con-
ditions did not differ from each other (p = 1). The inter-
actions between factors did not reach a conventional signifi-
cance level (Valence × Condition, F(3.8,53.5) = 0.58 p = 0.67,
ηg2 = 0.01). Therefore, low-performing younger adults recalled
more negative words than positive and neutral words. In addition,
the two music conditions gathered different results with more
words recalled after listening to Mozart than after listening to
Albinoni.
Similar analyses were conducted on the three remaining
subsamples, the older low-performing group (27 subjects) and
the younger and older high-performing groups (32 and 59
subjects, respectively). They showed exactly the same pat-
tern of results as the first overall analysis; that is, only
Valence had a significant main effect with the participants
recalling more negative words than positive and neutral
words.
It is worth noting that the younger low-performing group
did not differ from the younger high-performing group in the
negative self-assessment of PANAS—perceived negative mood—
F < 1 (M = 22.45, SD = 6.61; M = 23.66, SD = 7.70, respectively),
and in the Affective Operation Span task—mean number of
words correctly recalled (F < 1).
DISCUSSION
The goal of the current study was to evaluate the effect of listening
to two types of music (Mozart vs. Albinoni), which differ in
tempo, arousal, and mood induction, on age-related differences
between younger and older adults in an Affective WM Span
task. As reviewed in the introduction, the impact of listening to
music, in particular to the first movement “allegro con spirito”
of the Mozart sonata for two pianos in D major (KV 448),
is highly debated in the literature. The first data published by
Rauscher et al. (1993) demonstrated improved performance on
a spatial task (i.e., the Paper Folding test) in college students.
Since the publication of this study, further support of the positive
effect of listening to Mozart sonata was collected on cognitive
performance, along with contrasting results (e.g., Schellenberg
and Weiss, 2013).
Starting from this and other results, we explored the pos-
sibility that the effect of music, generally attributed to emo-
tional arousal, could be evident in a verbal WM task involving
emotional information. It is to note that for the first time, at
least to our knowledge, the effect of music in complex span
task is examined in the present study. To test this hypoth-
esis, we presented to younger and older adults an affective
version of the classical Operation Span (Turner and Engle,
1989), already used by Mammarella et al. (2013), including
neutral, positive, and negative words. Using this affective ver-
sion of the Operation Span task, Mammarella et al. (2013)
reported a reduction of age-related differences between young
and older adults in WM performance when the recall of emo-
tional words was considered: overall, older adults obtained per-
formance comparable to that of young adults when emotional
stimuli (positive and negative) were considered. The age-related
difference in WM performance was found for neutral words
instead.
In the current study, the Affective Operation Span was pre-
sented in three between-subject conditions: The participants car-
ried out the task in the first condition after listening to the Mozart
sonata, in the second condition after listening to the Albinoni
adagio, and in the third condition after listening to a text on the
invention of television. Before listening to music pieces or to the
text description, some baseline measures referring to short-term
memory, WM, and processing speed were collected.
As expected, the results showed an age-related difference in
performance on both the baseline measures and in the affective
WM task, favoring younger over older adults. In addition,
replicating the results by Mammarella et al. (2013), an effect
of valence was found: both younger and older adults recalled a
higher number of words with negative valence than positive and
neutral ones. As also suggested by Mammarella et al. (2013),
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negative emotions seem to narrow the focus of attention, leading
to overfocusing on target information (e.g., Fredrickson and
Branigan, 2005). Since negative emotions foster online processing
of detailed information on an item-by-item basis (e.g., Jefferies
et al., 2008), this mechanism could be particularly advantageous
for serial recall, such as requested by the WM task.
Concerning the effect of experimental manipulation, no effect
of the music condition was found; in fact, all three groups
obtained comparable performance in the Affective Operation
Span task. This was true regardless of the age of the participants
and the valence of the words. Therefore, our results contrast
with Mammarella et al. (2007) study, as the positive effects of
the music did not affect the performance in our WM Span
task. However, some differences are worth mentioning between
the current study and that by Mammarella et al. (2007): in the
latter participants listened to the music during the execution
of the memory task, and this could have enhanced the posi-
tive effects of music in particular on emotional attitude of the
participants. In addition the memory measure used by Mam-
marella et al. (2007) differed from the present ones in terms
of processes required, and this could have affected the results.
According to several models of WM, memory span tasks can
be distinguished depending on the degree of attentional control
required by the task (e.g., Cornoldi and Vecchi, 2003). In this
view, complex span tasks, such as that used in the current study,
are usually more demanding in terms of attentional resources
than simple span tasks, because they require not only to main-
tain some of the information presented but also to process part
of them (in this case solving the mathematic equation). The
difference between the types of tasks is evident also consider-
ing the development of WM performance across the lifespan.
For example, it is now well documented that the decline with
aging on complex WM tasks—such as the one we used here—is
more accentuated than that found for short-term memory tasks,
such as the Digit Span task used by Mammarella et al. (2007)
(e.g., Bopp and Verhaeghen, 2005). In this sense, the use of a
resource-consuming memory task could have masked or reduced
the beneficial effect of music; this could be particularly true in
the case of older adults, for whom WM tasks are usually more
demanding in terms of cognitive resources compared to short-
term memory ones.
However, some interesting results, which require further
exploration, regarded the analysis of individual differences. As
already mentioned, in the younger subsample, we observed a
trend toward a ceiling effect, which could have affected the sensi-
tivity to detect differences due to listening condition. We therefore
split the sample according to the accuracy in the secondary task
(processing phase) of the Affective Operation Span. The rationale
was to examine participants who differed in their efficiency in
carrying out the task both in terms of recall and concurrent
task and to observe whether lower-performing participants took
advantage of listening to music to a higher extent. The analyses
highlighted that only in the case of younger low-performing
participants did music condition have an effect; in particular, the
Albinoni condition lowered their performance with respect to the
Mozart condition (the comparison with the control condition was
marginally significant). The Mozart condition did not differ from
the control, but the performance was very close to the highest per-
formance, therefore we cannot exclude the possibility of underes-
timating the effect as a result of the ceiling in performance. In the
case of the other three groups, the findings replicated the overall
pattern of results (i.e., only an effect of valence).
Some hints of a negative effect of the Albinoni condition
on cognitive performance have already been presented in a
previous study by Thompson et al. (2001): although not sta-
tistically significant, in a group of younger adults, performance
on a spatial task appeared to be less efficient after listen-
ing to Albinoni than Mozart excerpts. In a subsequent study,
this result was clearer (Husain et al., 2002): performance on
a spatial task was superior after listening to music at a fast
rather than a slow tempo and when the music was presented
in major rather than minor mode. Therefore, the findings are
consistent with the view that the “Mozart effect” is a conse-
quence of changes in arousal and mood. For example, data
have suggested that boredom or negative mood can lead to
poor performance (O’Hanlon, 1981). However, it is not clear
why this was evident only for younger adults and not for the
other groups, and further studies are needed to explore this
issue.
In general, our findings did not bring strong support to the
music effect, at least when emotional stimuli are presented in
a complex span task, in line with the literature challenging the
robustness of the so-called Mozart effect. For example a recent
meta-analysis by Pietschnig et al. (2010) tried to shine light on the
consistency of the Mozart effect. The results did not support the
existence of a specific performance-enhancing Mozart effect; in
fact, the effect size was in the range of a small effect (d = 0.37), not
dissimilar from the effects of other music conditions not involving
listening to a Mozart sonata. In addition, they found that the
advantage of the music condition over the nonmusic condition
yielded an effect size of 0.15.
One possible reason for the lack of an effect of music on
performance could be the fact that the literature seems to suggest
that music may have a beneficial effect especially on passive
verbal WM tasks (such as Forward Digit Span task) and not on
more active tasks (such as the Backward Digit Span task; Steele
et al., 1997). As already discussed, the use of a complex memory
task (therefore involving not only maintenance processes but
also processing requests) could have reduced the potential effect
of music on memory performance. Some limitations should be
acknowledged; for example, as already mentioned, the WM span
task resulted too easy for part of younger adults, with the risk of
reducing the sensitivity of the measure used. Secondly, in current
study individual differences in terms of participant’s music pref-
erence, which has been demonstrated to play a role in explaining
the positive effects of music on performance (e.g., Nantais and
Schellenberg, 1999), were not considered. For example Nantais
and Schellenberg (1999) showed that “Mozart effect” was stronger
for those participants who expressed a preference for classical
music with respect to those participants who did not. In this
sense, our findings could be biased also by individual differences
in terms of music preferences within each age group. A third
potential limit of the study refers to the lack of a direct measure of
mood or arousal collected before listening to music; in the light of
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the importance of mood and arousal for understanding “Mozart
effect”, variations in these parameters in a between-subject design
could contribute to reduce the strength of the effect. Finally,
future studies should also test whether not only the type of task
(complex span task vs. simple span tasks), but also the nature of
the task content (verbal vs. visuospatial), could affect the music
effect.
In conclusion, the current study did not show any strong
evidence of an advantage of music exposure on performance in
an affective version of the classical Operation Span task. It is
important to note, however, that this is the first study using a
complex span task, since most of the study focused on passive
memory task (requiring the simple maintenance of information).
This warrants some caution in the generalization of the results.
A modest effect on performance was found when individual
differences were analyzed, with a reversed Mozart effect: younger
participants carried out the Affective Operation Span task less
efficiently (considering the secondary task) and recalled a lower
number of words after listening to sad-sounding music (Albi-
noni excerpt). No other effects were found in the other groups,
so future studies should further analyze the possible role of
individual differences.
ACKNOWLEDGMENTS
All authors contributed equally to the present work. Therefore,
they are listed in alphabetical order. This study was supported by
the grants CPDA123458 and CPDA110373 (“Progetto di ricerca di
Ateneo”) awarded by the University of Padova to Massimo Grassi
and Erika Borella, respectively.
REFERENCES
Bopp, K. L., and Verhaeghen, P. (2005). Aging and verbal memory span: a
meta-analysis. J. Gerontol. B Psychol. Sci. Soc. Sci. 60B, 223–233. doi: 10.
1093/geronb/60.5.p223
Borella, E., Carretti, B., and De Beni, R. (2008). Working memory and inhibition
across the adult life-span. Acta Psychol. (Amst) 128, 33–44. doi: 10.1016/j.actpsy.
2007.09.008
Borella, E., Ghisletta, P., and de Ribaupierre, A. (2011). Age differences in text
processing: the role of working memory, inhibition and processing speed.
J. Gerontol. B Psychol. Sci. Soc. Sci. 66B, 311–320. doi: 10.1093/geronb/gbr002
Carretti, B., Cornoldi, C., Caldarola, N., and Tencati, C. (2013). CO-TT, Compren-
sione Orale Test e Trattamento [Oral Comprehension, Assessment and Training].
Trento: Erickson.
Cornoldi, C., and Vecchi, T. (2003). Visuo-Spatial Working Memory and Individual
Differences. Hove and New York, UK/USA: Psychology Press.
Craik, F., and Salthouse, T. (2008). The Handbook of Aging and Cognition. 3rd Edn.
New York, US: Psychology Press.
Crook, T., Bartus, R. T., Ferris, S. H., Whitehouse, P., Cohen, G. D., and Gershon, S.
(1986). Age-associated memory impairment: proposed diagnostic criteria and
measures of clinical change. Report of a national institute of mental health work
group. Dev. Neuropsychol. 2, 261–276. doi: 10.1080/87565648609540348
De Beni, R., Borella, E., Carretti, B., Marigo, C. and Nava, L. A. (2008). BAC.
Portfolio per la valutazione del benessere e delle abilità cognitive nell’età adulta e
avanzata [The Assessment of Well-being and Cognitive Abilities in Adulthood and
Aging]. Firenze, Italy: Giunti OS.
Döhnel, K., Sommer, M., Ibach, B., Rothmayr, C., Meinhardt, J., and Hajak,
G. (2008). Neural correlates of emotional working memory in patients
with mild cognitive impairment. Neuropsychologia 46, 37–48. doi: 10.1016/j.
neuropsychologia.2007.08.012
Fredrickson, B. L., and Branigan, C. A. (2005). Positive emotions broaden the scope
of attention and thought-action repertoires. Cogn. Emot. 19, 313–332. doi: 10.
1080/02699930441000238
Gallina, P., Saugo, M., Antoniazzi, M., Fortuna, P., Toffanin, R., Maggi, S.,
et al. (2006). Validazione della scheda per la Valutazione Multidimension-
ale dell’Anziano (SVAMA). [Validation of the checklist for the assessment
multidimensional of the elderly]. Tendenze Nuove 3, 229–264. doi: 10.1450/
22126
Grassi, M., and Borella, E. (2013). The role of auditory abilities in basic mechanisms
of cognition in older adults. Front. Aging Neurosci. 5:59. doi: 10.3389/fnagi.2013.
00059
Hasher, L., and Zacks, R. T. (1988). “Working memory, comprehension and aging:
a review and a new view” in The Psychology of Learning andMotivation (Vol. 22),
ed G. H. Bower (New York: Academic Press), 193–225.
Husain, G., Thompson, W. F., and Schellenberg, E. G. (2002). Effects of musical
tempo and mode on arousal, mood and spatial abilities. Music Percept. 20, 149–
169. doi: 10.1525/mp.2002.20.2.151
Jefferies, L. N., Smilek, D., Eich, E., and Enns, J. T. (2008). Emotional valence and
arousal interact in the attentional blink. Psychol. Sci. 19, 290—295. doi: 10.
1111/j.1467-9280.2008.02082.x
Kahneman, D. (1973). Attention and Effort. Englewood Cliffs, NJ: Prentice-
Hall.
Mammarella, N., Borella, E., Carretti, B., Leonardi, G., and Fairfield, B. (2013).
Examining an emotion enhancement effect in working memory: evidence
from age-related differences. Neuropsychol. Rehabil. 23, 416–428. doi: 10.
1080/09602011.2013.775065
Mammarella, N., Fairfield, B., and Cornoldi, C. (2007). Does music enhance
cognitive performance in healthy older adults? The Vivaldi effect. Aging Clin.
Exp. Res. 19, 394–399. doi: 10.1007/bf03324720
Mayer, J. D., Gayle, M., Meehan, M. E., and Haarman, A. K. (1990). Toward better
specification of the mood-congruency effect in recall. J. Exp. Soc. Psychol. 26,
465–480. doi: 10.1016/0022-1031(90)90051-m
Mikels, J. A., Larkin, G. R., Reuter-Lorenz, P. A., and Carstensen, L. L. (2005).
Divergent trajectories in the aging mind: changes in working memory for
affective versus visual information with age. Psychol. Aging 20, 542–553. doi: 10.
1037/0882-7974.20.4.542
Nantais, K. M., and Schellenberg, E. G. (1999). The Mozart effect: an artifact of
preference. Psychol. Sci. 10, 370–373. doi: 10.1111/1467-9280.00170
North, A. C., Hargreaves, D. J., and McKendrick, J. (1997). In-store music affects
product choice. Nature 390, 132. doi: 10.1038/36484
North, A. C., Hargreaves, D. J., and McKendrick, J. (1999). The influence of in-store
music on wine selections. J. Appl. Psychol. 84, 271–276. doi: 10.1037//0021-9010.
84.2.271
North, A. C., Tarrant, M., and Hargreaves, D. J. (2004). The effects of music
on helping behavior: a field study. Environ. Behav. 36, 266–275. doi: 10.
1177/0013916503256263
O’Hanlon, J. F. (1981). Boredom: practical consequences and a theory. Acta Psychol.
(Amst) 49, 53–82. doi: 10.1016/0001-6918(81)90033-0
Pates, J., Karageorghis, C. I., Fryer, R., and Maynard, I. (2003). Effects of asyn-
chronous music on flow states and shooting performance. Psychol. Sport Exerc.
4, 415–427. doi: 10.1016/s1469-0292(02)00039-0
Pietschnig, J., Voracek, M., and Formann, A. K. (2010). Mozart effect-shmozart
effect: a meta-analysis. Intelligence 38, 314–323. doi: 10.1016/j.intell.2010.03.001
Rauscher, F. H., Shaw, G. L., and Ky, K. N. (1993). Music and spatial task
performance. Nature 365, 611. doi: 10.1038/365611a0
Salthouse, T. A., and Babcock, R. L. (1991). Decomposing adult age differences in
working memory. Develop. Psychol. 27, 763–776. doi: 10.1037//0012-1649.27.
5.763
Schellenberg, E. G., and Hallam, S. (2005). Music listening and cognitive abilities in
10- and 11-year-olds: the blur effect. Ann. N. Y. Acad. Sci. 1060, 202–209. doi: 10.
1196/annals.1360.013
Schellenberg, E. G., Nakata, T., Hunter, P. G., and Tamoto, S. (2007). Exposure to
music and cognitive performance: tests of children and adults. Psychol. Music 35,
5–19. doi: 10.1177/0305735607068885.
Schellenberg, E. G., and Weiss, M. W. (2013). “Music and cognitive abilities,”
in The Psychology of Music, ed D. Deutsch. 3rd Edn. (Amsterdam: Elsevier),
499–550.
Steele, K., Ball, T., and Runk, R. (1997). Listening to Mozart does not enhance
backwards digit span performance. Percept. Mot. Skills 84, 1179–1184. doi: 10.
2466/pms.1997.84.3c.1179
Thompson, W. F., Schellenberg, E. G., and Husain, G. (2001). Arousal, mood and
the Mozart effect. Psychol. Sci. 12, 248–251. doi: 10.1111/1467-9280.00345
Frontiers in Aging Neuroscience www.frontiersin.org November 2014 | Volume 6 | Article 298 | 8
Borella et al. Music and working memory
Turner, M. L., and Engle, R. W. (1989). Is working memory capacity
task dependant? J. Mem. Lang. 28, 127–154. doi: 10.1016/0749-596x(89)
90040-5 .
Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and validation of
brief measures of positive and negative affect: the PANAS scales. J. Pers. Soc.
Psychol. 47, 1063–1070. doi: 10.1037/0022-3514.54.6.1063
Wechsler, D. (1981). Wechsler Adult Intelligence Scale-Revised Manual. New York:
The Psychological Corporation.
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 24 July 2014; paper pending published: 28 September 2014; accepted:
14 October 2014; published online: 11 November 2014.
Citation: Borella E, Carretti B, Grassi M, Nucci M and Sciore R (2014) Are age-related
differences between young and older adults in an affective working memory test sensi-
tive to the music effects?. Front. Aging Neurosci. 6:298. doi: 10.3389/fnagi.2014.00298
This article was submitted to the journal Frontiers in Aging Neuroscience.
Copyright © 2014 Borella, Carretti, Grassi, Nucci and Sciore. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution and reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Aging Neuroscience www.frontiersin.org November 2014 | Volume 6 | Article 298 | 9
